& duced b y a s c r e e n i n s t a l l e d i n t h e i n l e t d u c t i n g between t h e b u r n e r and t h e e n g i n e i n l e t . N i t h t h e e x c e p t i o n s o f i n l e t p r e s s u r e d i s t o r t i o n , a t i pr a d i a l i n l e t t e m p e r a t u r e d i s t o r t i o n a t t h e h i g h e s t c o r r e c t e d f a n speed t e s t e d , and combined d i s t o rt i o n w i t h t h e l o w -p r e s s u r e and h i g h -t e m p e r a t u r e r e g i o n s t o g e t h e r , t h e f a n g e n e r a t e d a f l o w i n s t ab i l i t y when o p e r a t i n g n e a r i t s s t e a d y -s t a t e s t a l l l i n e . I n some i n s t a n c e s t h e f a n ' s p a t i a l ( s t e a d y -s t a t e ) and t i m e -v a r i a n t i n l e t p r e s s u r e d i s t o r t i o n , i n l e t t e m p e r a t u r e d i s t o r t i o n , and c o m b i n a t i o n s o f p r e s s u r e and t e m p e r a t u r e d i st o r t i o n . As a r e s u l t of t h e s e i n v e s t i g a t i o n s , d e v i c e s t o g e n e r a t e t h e s p a t i a l and t i m e -v a r i a n t i n l e t tem e r a t u r e and p r e s s u r e d i s t o r t i o n s were developedy8-20. T h i s i n v e s t i g a t i o n was c o n d u c t e d w i t h c i r c u mf e r e n t i a l t e m p e r a t u r e d i s t o r t i o n s o f 90"-and 1 8 0 " -e x t e n t . H u b -r a d i a l and t i p -r a d i a l temperat u r e d i s t o r t i o n p a t t e r n s were a l s o i n v e s t i g a t e d . A 1 8 0 " -e x t e n t t o t a l -p r e s s u r e d i s t o r t i o n , a l o n e and i n c o m b i n a t i o n w i t h a 1 8 0 " -e x t e n t t e m p e r a t u r e d i s t o r t i o n , was a l s o t e s t e d . A l l t e s t s were cond u c t e d i n an a l t i t u d e f a c i l i t y a t an e n g i n e i n l e t The t e s t p r o g r a m was c o n d u c t e d i n one of t h e two a l t i t u d e chambers of t h e P r o p u l s i o n Systems L a b o r a t o r y a t t h e L e w i s R e s e a r c h C e n t e r . These t e s t c e l l s a r e 24 f t i n d i a m e t e r , 39 f t l o n g , and have t h e c a p a b i 1 i t y o f s i m u l a t i n g a i t i t u d e s f r o m n e a r sea l e v e l t o 80 000 f t , w i t h maximum a i r f l o w r a t e s o f 480 and 50 l b l s e c , r e s p e c t i v e l y . C o n d it i o n i n g e q u i p m e n t i s a v a i l a b l e t o s u p p l y a i r temp e r a t u r e s r a n g i n g from -50 t o 600 " F . t e s t c e l l i s shown i n F i g . 1 . A d i r e c t -c o n n e c t i n s t a l l a t i o n was u s e d , w i t h an i n l e t a i r b e l l m o u t h mounted i n t h e p l e n u m u p s t r e a m o f t h e t e s t c e l l f o r w a r d b u l k h e a d . The e n g i n e was mounted o n a t w o -d i m e n s i o n a l ( a x i a l and l a t e r a l ) t h r u s t s t a n d ; e , a n a n n u l a r combust o r , a m i x e d -f l o w a u g m e n t o r . and a v a r i a b l e a r e a c o n v e r g e n t -d i v e r g e n t e x h a u s t n o z z l e . The augment o r was n o t used d u r i n g t h e t e m p e r a t u r e d i j t o r t i o n t e s t i n g , b u t a n e x h a u s t n o z z l e p l u g was i n c l u d e d 2 as p a r t o f t h e i n s t a l l a t i o n t o p r o v i d e e x h a u s t n o z z l e t h r o a t a r e a s s m a l l e r t h a n t h o s e o b t a i n a b l e w i t h t h e s t a n d a r d n o z z l e . The p l u g was 1 4 i n . i n d i a m e t e r and e x t e n d e d u p s t r e a m of t h e e x h a u s t nozz l e p r i m a r y t h r o a t . FlOO(3) e n g i n e b u t has a new, advanced f a n d e s i g n , a n i m p and i s c l e a n b u r n i n g ( g e n e r a t i n g w a t e r v a p o r r a t h e r t h a n p o l l u t a n t s ) . The b u r n e r was i n s t a l l e d i n t h e p l e n u m u p s t r e a m o f t h e i n l e t d u c t b e l l m o u t h ( F i g . 2 ( a ) ) . The b u r n e r , w h i c h was d i v i d e d i n t o f o u r i n d i v i d u a l l y c o n t r o l l e d q u a d r a n t s , h a d t h e c a p a b i l i t y o f b e i n g r o t a t e d 30" i n e i t h e r d i r e ct i o n f r o m t o p d e a d c e n t e r . Q u a d r a n t s were i d e n t if i e d as 1 t h r o u g h 4 s t a r t i n g w i t h t h e u p p e r r i g h t and n u m b e r i n g i n a c l o c k w i s e d i r e c t i o n l o o k i n g u p s t r e a m . E n g i n e i n l e t a i r f l o w was h e a t e d i n s e l e c t e d q u a d r a n t s as i t p a s s e d t h r o u g h t h e b u r n e r .
Each q u a d r a n t c o n t a i n e d s i x a n n u l a r g u t t e r s s u p p o r t e d b y o n e r a d i a l g u t t e r and s i x c i r c u l a rt u b e m a n i f o l d s ( o n e i n e a c h a n n u l a r g u t t e r ) w i t h s m a l l h o l e s f o r h y d r o g e n i n j e c t i o n ( F i g . 2 ( b ) ) . The s i x s w i r l -c a n p i l o t b u r n e r s i n e a c h q u a d r a n t i g n i t e d t h e h y d r o g e n flow to e a c h g u t t e r . 
. A s c h e m a t i c o f t h e e n g i n e and i n s t a l l a t i o n ( F i g . 3 ( a ) ) shows t h e l o c a t i o n o f t h e m e a s u r i n g s t a t i o n s r e l a t i v e t o t h e
i n l e t d u c t a n d e n g i n e . T o t a l p r e s s u r e , s t a t i c p r e s s u r e , and t o t a l t e m p e r a t u r e were measured a t each s t a t i o n . The t y p e a n d number o f i n s t r u m e n t at i o n p r o b e s a t e a c h m e a s u r i n g s t a t i o n a r e p r e s e n t e d i n F i g . 3 ( b ) . C l o s e -c o u p l e d ( l i m i t e d r e s p o n s e ) p r e s s u r e t r a n s d u c e r s were i n s t a l l e d a t t h e f a n i n l e t , f a n d u c t , 
o r t h e i n l e t d i s t o r t i o n t e s t s w i t h t h e e x c e p t i o n o f t h e
100 p e r c e n t c o r r e c t e d f a n speed d a t a w i t h temperat u r e d i s t o r t i o n , where a n i n l e t t e m p e r a t u r e o f 440 O R ( e n g i n e i n l e t R e y n o l d s number i n d e x of 0 . 5 6 ) was m a i n t a i n e d t o a v o i d e n g i n e o v e r t e m p e r at u r e . S t a l l d a t a w e r e o b t a i n e d b y r e d u c i n g e x h a u s t n o z z l e t h r o a t a r e a w h i l e m a i n t a i n i n g cons t a n t c o r r e c t e d f a n speed.
To o b t a i n f a n maps a n d s t a l l d a t a w i t h s t e a d y -s t a t e I n l e t t e m p e r a t u r e d i s t o r t i o n , t h e m a g n i t u d e a n d e x t e n t o f t h e d i s t o r t i o n p a t t e r n was e s t a b l i s h e d by r e g u l a t i n g h y d r o g e n f l o w t o t h e b u r n e r . F o r a l l t e m p e r a t u r e d i s t o r t i o n p a t t e r n s i n v e s t i g a t e d , t h e t e m p e r a t u r e i n t h e d i s t o r t e d r e g i o n was n o m i n a l l y 50 "R above t h e u n d i s t o r t e d r e g i o n ( A T = 50 O R ) .
The c o r r e c t e d f a n speed was s e t a n d h e l d c o n s t a n t b y t h e DEEC w h i l e t h e f a n was f o r c e d t o o p e r a t e a t i n c r e a s i n g l y h i g h e r p r e ss u r e r a t i o s by m a n u a l l y r e d u c i n g t h e e x h a u s t nozz l e a r e a i n c r e m e n t a l l y u n t i l e n g i n e s t a l l o c c u r r e d . S t a l l d a t a were o b t a i n e d f o r 90"-and 180"-These i n v e s t i g a t i o n s were c a r r i e d o u t o v e r a r a n g e o f c o r r e c t e d f a n speeds from 8 0 t o 100 p e r c e n t of r a t e d . R e s u l t s and D i s c u s s i o n f a n s e n s i t i v i t y t o s t e a d y -s t a t e i n l e t t e m p e r a t u r e d i s t o r t i o n , i n l e t p r e s s u r e d i s t o r t i o n , and comb i n e d i n l e t t e m p e r a t u r e and p r e s s u r e d i s t a r t i o n . The e n g i n e m a n u f a c t u r e r ' s e x a m i n a t i o n of a n a l o g d a t a r e c o r d e d f o r e a c h s t a l l p o i n t r e v e a l e d many i n s t a n c e s i n w h i c h t h e f a n , as i t a p p r o a c h e d t h e s t e a d y -s t a t e s t a l l l i n e , g e n e r a t e d a flOI.4 i n s t ab i l i t y t h a t e n t e r e 0.1 f t 2 l a r g e r t h a n was r e q u i r e d t o i n i t i a t e s t a l l . The t i p -r a d i a l p a t t e r n ( F i g . 9) was r e c o r d e d a t 9 0 p e r c e n t c o r r e c t e d f a n speed w i t h t h e e x h a u s t n o z z l e 0 . 1 6 f t 2 l a r g e r t h a n r e q u i r e d f o r s t a l l .
The s t e a d y -s t a t e s p a t i a l t e m p e r a t u r e d i s t o rt i o n p a t t e r n s a r e d e s c r i b e d i n t e r m s o f c i r c u m f e re n t i a l e x t e n t , c i r c u m f e r e n t i a l i n t e n s i t y , and r a d i a l i n t e n s i t y . r n i n g i n two a d j a c e n t quadr a n t s o f t h e h y d r o g e n b u r n e r i n a n a t t e m p t t o c r ea t e a 1 8 0 " -e x t e n t c i r c u m f e r e n t i a l p a t t e r n . The p r o f i l e a t t h e f a n i n l e t has a n e x t e n t o f 180" w i t h a c i r c u m f e r e n t i a l i n t e n s i t y o f 0 . 0 4 7 and a r a d i a l i n t e n s i t y o f 0.
i a l i n t e n s i t y does n o t r e f l e c t t h e t r u e v a l u e , w h i c h may be s l i g h t l y h i g h e r , b e c a u s e t h e i n s t r u m e n t a t i o n was l o c a t e d s u c h t h a t e v e n w i t h b u r n e r r o t a t i o n p e a k t e m p e r a t u r e s were n o t measu r e d . The shape o f t h e a c t u a l p a t t e r n a t t h e f a n i n l e t i s more l i k e t h a t shown f o r t h e h i g h -p r e s s u r e c o m p r e s s o r i n l e t ( F i g . 6 ( b ) ) . The t e m p e r a t u r e d i s t o r t i o n p a t t e r n , w h i c h f o l l o w s a p a r t i c l e p a t h t h r o u g h t h e f a n , i s r o t a t e d a p p r o x i m a t e l y 7 0 " i n t h e d i r e c t i o n of rotor r o t a t i o n as i t p a s s e s t h r o u g h t h e f a n . A t t h e h i g h -p r e s s u r e c o m p r e s s o r i n l e t , t h e d i s t o r t i o n has

H e r e a g a i n , t h e temp e r a t u r e d i s t o r t i o n p a t t e r n r o t a t e s a p p r o x i m a t e l y 70" w h i l e p a s s i n g t h r o u g h t h e f a n . A t t h e h i g hp r e s s u r e c o m p r e s s o r i n l e t t h e p r o f i l e has a n e x t e n t o f 192". The a c t u a l e x t e n t , h o w e v e r , i s p r o b a b l y c l o s e r t o 1 8 0°, b u t s u f f i c i e n t i n s t r u m e nt a t i o n was n o t a v a i l a b l e t o c o m p l e t e l y d e f i n e t h e p r o f i l e a t t h i s s t a t i o n . The c i r c u m f e r e n t i a l and r a d i a l i n t e n s i t i e s a t t h e h i g h -p r e s s u r e compress o r i n l e t a r e 0 . 0 4 3 and 0.010, r e s p e c t i v e l y . Based o n t h e c i r c u m f e r e n t i a l i n t e n s i t i e s i n T a b l e 1, t h e d i s t o r t i o n a m p l i t u d e a t t h e f a n i n l e t i s a t t e n u a t e d b y a n a v e r a g e o f a p p r o x i m a t e l y 15 p e r c e n t b e f o r e i t r e a c h e s t h e h i g h -p r e s s u r e c o m p r e s s o r i n l e t .
The c i r c u m f e r e n t i a l and r a d i a l t e m p e r a t u r e p r o f i l e s a t t h e f a n a n d h i g h -p r e s s u r e c o m p r e s s o r i n l e t s for a h u b -r a d i a l d i s t o r t i o n a r e p r e s e n t e d i n F i g . 8 . The c i r c u m f e r e n t i a l p r o f i l e s e x h i b i t m u l t i p l e low i n t e n s i t y ( l e s s t h a n 1 p e r c e n t ) h i g ht e m p e r a t u r e r e g i o n s . 
The d i s t o r t i o n d e s c r i p t o r s f o r t h i s t y p e o f m u l t i p l e -p e r -r e v o l u t i o n (MPR) d i s t o r t i o n p a t t e r n a r e a l s o s i m i l a r t o t h o s e d e f i n e d i n R e f s . 22 and 2 3 . The e x t e n t and i n t e ns i t y o f t h e c i r c u m f e r e n t i a l d i s t o r t i o n c o r r e s p o n d t o t h e r e g i o n t h a t has t h e h i g h e s t p r o d u c t o f e x t e n t and i n t e n s i t y . A l s o i n c l u d e d i n t h e p a tt e r n d e s c r i p t i o n i s an MPR f a c t o r w h i c h i s d e f i n e d
. A l t h o u g h t h i s i s an a t t e n u a t i o n o f a p p r o x i m a t e l y 4 p e r c e n t b e t w e e n t h e f a n i n l e t and t h e h i g h -p r e s s u r e c o m p r e s s o r i n l e t , t h e a t t e n u a t i o n o f r a d i a l t e m p e r a t u r e d i s t o r t i o n f o r a l l t h e h u b -r a d i a l p a t t e r n s l i s t e d i n T a b
l e 1 r a n g e s from 4 t o 17 p e r c e n t .
The t i p -r a d i a l t e m p e r a t u r e d i s t o r t i o n p a t t e r n ( F i g . 9) e x h i b i t s t h e same c i r c u m f e r e n t i a l c h a r a ct e r i s t i c s as t h e h u b -r a d i a l p a t t e r n i n t h a t a lowi n t e n s i t y MPR d i s t o r t i o n e x i s t s a t t h e f a n and h i g h -p r e s s u r e c o m p r e s s o r i n l e t s . The r a d i a l d i st o r t i o n a t t h e f a n i n l e t i s c o n f i n e d t o t h e b l a d et i p r e g i o n a n d , as e x p e c t e d , i s n o t p r e s e n t a t t h e h i g h -p r e s s u r e c o m p r e s s o r i n l e t . A t t h e f a n i n l e t ,
t h e d i s t o r t i o n has a n e x t e n t o f 139", a c i r c u m f e re n t i a l i n t e n s i t y o f 0.009, and a n MPR of 1 . were g e n e r a t e d b y h e a t i n g t h e i n l e t a i r f l o w w i t h e i t h e r o n e b u r n e r q u a d r a n t or two a d j a c e n t b u r n e r q u a d r a n t s . i s s i n g ( q u a d r a n t 2 ) , t h e i n s t r u m e n t a t i o n a t t h a t s t a t i o n was i n s u f f i c i e n t t
The t e s t s w e r e c o n d u c t e d f o r b o t h e x t e n t s w i t h t h e d i s t o r t i o n i n t h e t o p and b o t t o m r e g i o n s o f t h e f a n i n l e t i n a n a t t e m p t t o d e t e rm i n e t h e e f f e c t o n f a n s t a b i l i t y o f t h e l o c a t i o n o f f a n i n l e t t e m p e r a t u r e s e n s o r s u s e d f o r s c h e d u li n g v a r i a b l e g e o m e t r y . I n a l l c a s e s t h e h e a t e d r e g i o n s w e r e a p p r o x i m a t e l y 50 "R h o t t e r t h a n u n h e a t e d r e g i o n s , w h i c h r e s u l t e d i n d i s t o r t i o n i n t e n s i t i e s t h a t were n e a r l y c o n s t a n t t h r o u g h o u t t h e t e s t p r o g r a m . D e s c r i p t o r s o f a l l t h e c i r c u m -
o d e t e c t t h e d i s t o r t i o n p a t t e r n . W i t h t h e s m a l l v a r i a t i o n s i n e x t e n t and i n t e n s i t y among t h e p a tt e r n s , d a t a c o r r e l a t i o n s c o u l d b e made b y assumi n g a m i s s i n g e n t r y c o u l d be r e p l a c e d b y t h e v a l u e above i t .
The r e s u l t s o f o p e r a t i o n w i t h f a n i n l e t c i rc u m f e r e n t i a l t e m p e r a t u r e d i s t o r t i o n i n d i c a t e d t h a t as t h e f a n a p p r o a c h e d i t s s t e a d y -s t a t e s t a l l l i n e a flow i n s t a b i l i t y was g e n e r a t e d . The f l o w i n s t ab i l i t y g e n e r a t e d b y t h e f a n c a u s e d t h e h i g h - The f a c t t h a t t h e f a n was o p e r a t i n g n e a r s t a l l p r i o r t o e n g i n e s u r g e c a n be i l l u s t r 
T h i s f o r c e s t h e segment w i t h t h e h i g h i n l e t t e m p e r a t u r e t o a p p r o a c h t h e s t e a d y -s t a t e s t a l l l i n e as t h e e x h a u s t n o z z l e a r e a i s r e d u c e d . F o r t h e a v e r a g e s t e a d y -s t a t e s t a l l p o i n t ( f l a g g e d
symbol i n F i g . l o ) , t h e h e a t e d p o r t i o n o f t h e f a n i s o p e r a t i n g above t h e s t e a d y -s t a t e s t a l l l i n e w i t h u n i f o r m i n l e t flow.
Fan maps s h o w i n g t h e e f f e c t of s i n g l e quadr a n t b u r n e r h e a t i n g o n f a n p e r f o r m a n c e a r e p r es e n t e d i n F i g s . 1 1 and 12. The r e s u l t s shown i n F i g . 11 o c c u r e d w i t h t h e t e m p e r a t u r e d i s t o r t i o n i n q u a d r a n t 4 a t t h e f a n i n l e t ( u n h e a t e d i n l e t t e m p e r a t u r e s e n s o r s ) whereas F i g . 12 p r e s e n t s r e s u l t s w i t h h e a t i n g i n q u a d r a n t 2 ( h e a t e d i n l e t t e m p e r a t u r e s e n s o r s ) . I n b o t h f i g u r e s , i t i s e v id e n t t h a t t h e i n l e t t e m p e r a t u r e d i s t o r t i o n c a u s e s a l o s s i n f a n s t a l l p r e s s u r e r a t i o (measured a t c o n s t a n t c o r r e c t e d a i r f l o w ) a t a l l s p e e d s . I n F i g . 1 1 t h e loss i n f a n s t a l l p r e s s u r e r a t i o a t 78.9, 88.9, and 9 9 . 0 p e r c e n t c o r r e c t e d speed i s 8 . 1 , 6 . 6 , a n d 6 . 4 p e r c e n t r e s p e c t i v e l y , for a c i rc u m f e r e n t i a l i n l e t t e m p e r a t u r e d i s t o r t i o n w i t h a n e x t e n t of 133" and a m a g n i t u d e of 4 . 5 p e r c e n t ( p a t t e r n s 1 , 2, a n d 3 o f T a b l e 1 ) . From F i g . 12, t h e l o s s of f a n s t a l l p r e s s u r e r a t i o a t 82.7 and 9 2 . 9 p e r c e n t c o r r e c t e d speed i s 9 . 4 and 9 . 3 p e r c e n t r e s p e c t i v e l y , for p a t t e r n s 4 and 5 o f T a b l e 1 . o n f a n p e r f o r m a n c e of o p e r a t i n g w i t h h e a t i n g i n two a d j a c e n t q u a d r a n t s o f t h e b u r n e r . When t h e i n l e t t e m p e r a t u r e s e n s o r s a r e u n h e a t e d ( F i g . 1 3 ) , t h e i n l e t d i s t o r t i o n ( p a t t e r n s 9 t o 11 o f T a b l e 1 ) causes f a n s t a l l p r e s s u r e r a t i o l o s s e s of 1 3 . 2 , 9 . 5 , a n d 6 . 3 p e r c e n t a t 78. 1 . G a b r i e l , D . , W a l l n e r , L . , L u b i c k . R . , and Vasu, G.. "Some E f f e c t s o f I n l e t P r e s s u r e a n d T e m p e r a t u r e T r a n s i e n t s on T u r b o j e t E n g i n e s .I' A e r o n a u t i c a l E n g i n e e r i n g Review, Vol. 16, No. 9 , S e p t . 1957, p p . 54-59, 6 8 .
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